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The Research Problem 
Bermuda grass is native to the Bengal region of India. It is known as sacred grass 
and is believed to have been the gift of benevolent deity for the sup.port of the cows which 
are also held as sacred in that country. It was introduced to the United States around 
. . 
1807 and grows on almost all types of soil, but succeeds best on rich, heavy clay or clay 
loam (Hansen, 1918}. At present, Bermuda grass grows well in most tropical countries 
and is used intensively for animal feed {Belesky, Perry, Windham, Mathias, and Fedders, 
1991). 
In many parts of the world, especially in the developing countries, humans and 
animals equally need protein for growth. Imbalances from deficiencies of animal protein 
and energy foods are prevalent. In the 1980's, about 87 million cases of protein-energy 
malnutrition were reported in the third world countries (Young and Peelet, 1984), and the 
situation is still largely unchanged (Benfice. and Simondon, 1993~ Uzogara, Morton, 
Daniel, and Emery, 1991 ). The awareness of protein shortage stimulated scientists to look 




Most plants especially of the grass family are used as animal feed. Almost all the 
amino acids consumed by man are initially in the leaves of green plants. Some efficiency is 
lost when plants are concentrated into protein in seeds or tubers, but there is a 
considerable waste when plant protein is converted into animal protein for human 
consumption (Gerloff, 1963). The increasing population and general shortage of animal 
protein and other foods in some countries have created a need to seek new methods of 
producing and processing foods (Uzogara, et al 1991). 
Carbohydrate based baked products are consumed woddwide. Such staple food 
products are economical, easy to prepare, shelf stable and can be served in many different 
ways. Therefore, fortification of flour with high protein plants and protein concentrates 
provides a good opportunity to improve the nutritional quality of protein consumed by 
many people. 
The staple carbohydrates most commonly used are cereals grains ( com, rice, 
wheat, sorghum, millet), cassava and plantain. These sources usually do not supply 
adequate total protein and are deficient in one or more of the essential amino acids which 
are necessary in specific amounts and proportions to provide synthesis of protein 
(Lockhart and Nesheim, 1978). Cereal grains, however, play an important role in 
attempting to meet the nutritional requirements of people in the developing countries by 
providing 80-90% of the calories, two-thirds of the protein, and furnishing several of the 
vitamins and minerals as well. 
Large segments of the world's population live. under conditions where the 
availability and intake of protein is inadequate. The high cost and shortage of animal 
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protein have created dependence on plant sources. In order to alleviate the protein-energy 
malnutrition, more attention is being focused on plant sources for high quality protein. 
Plant foods are being investigated which are high in protein content. Bermuda grass is 
moderate in protein (12%}, has many of the essential amino acids, and average lysine and 
methionine content of the three cultivars are 3. 82 and 1. 69 compared to wheat which has 
2.8 and 1.83, and sorghum 2.72 and 1.73 ( Deshpande, Singh, and Singh, 1991; Yensen 
and Weber, 1987). Bermuda grass is available worldwide. Due to these merits, it could 
be incorporated with other cereal grains to improve the protein quality of certain ethnic 
and staple foods in the developing countries. 
Purpose and Objectives 
The purpose of these studies was to evaluate the protein efficiency ratio (PER) and 
nutritional adequacy of Bermuda grass, with or without lysine supplement, in growing 
rats; and to develop acceptable Bermuda grass mixture breads and evaluate their sensory 
qualities and acceptability. The specific objectives of these studies were: 
1. To compare two experimental and three standard Bermuda grass with wheat 
flour in amino acids, crude protein, and ash content 
2. To compare in Experiment I, the PER of rats fed a control diet with those fed a 
diet that was 10% Bermuda grass. 
3. To evaluate, in Experiment II, the nutritional adequacy of three Bermuda grass 
cultivars at 10%, 25%, and 40% levels of substitution with and without lysine 
supplementation, and, to compare the fiber sources of Bermuda grass and cellulose for 
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growing rats by: 
A Comparing the serum albumin and creatinine levels of rats fed different levels 
of Bermuda grass. 
B Comparing organ weights (heart, liver, kidney, spleen, lung, testicle) of rats fed 
different levels of Bermuda grass. 
C. Comparing the dry matter digestibility (fecal protein) of the rat diets at 
different levels of Bermuda grass. 
D. Comparing the total fecal output and the dry matter of rat diets at different 
levels of Bermuda grass. 
4. To evaluate, in Experiment ill, the sensory characteristics of breads made with 
5% and 10% Bermuda grass substitutions. 
Hypotheses 
The following hypotheses were postulated in these studies: 
1. There will be no significant differences in protein efficiency ratio of control diet 
and those diets that contain 10% Bermuda grass substituted for casein. 
2. There will be no significant differences in weights of rats fed the 10%, 25%, 
and 40% substitution Bermuda grass for casein with or without lysine supplementation 
and the control diet. 
3. There will be no significant differences in serum albumin and creatinine in rats 
fed the control diet and the Bermuda grass substituted diet at levels, 10%, 25%, and 40%. 
4. There will be no significant differences in organ weights of rats fed a control 
diet or a Bermuda grass, substituted for casein at 10%, 25%, and 40% diet with or 
without lysine supplementation. 
5. There will be no significant differences in total fecal output and dry matter 
digestibility of rat fed diets with I 0%, 25%, or 40% Bermuda grass substitutions for 
casem. 
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6. There will be no significant differences in color, flavor, off-flavor, texture, 
appearance, and overall acceptability between breads made with 5% and 10% Bermuda 
grass flour substituted for all purpose flour and bread made with all purpose flour. 
Assumptions 
Seven assumptions were made in this study: 
I. All nutrient needs for the rats were met by the diets provided. 
2. Nutrients in the powdered form of Bermuda grass when fed the rat would not 
have been altered by food processing procedures. 
3. Fecal excretion (values obtained during the collection period the last seven 
days) per unit of feed consumed were representative of values for the total feeding period. 
4. Chemical analyses of fecal excretion, and blood samples were-accurate and 
precise. 
5. The trained panelists understood the research protocol and the research design 
and evaluated the Bermuda grass flour mixture bread critically and objectively as 
instructed. 
6. The controlled conditions and sensory procedures followed were such as to 
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ensure that any difference noted in the breads were attributable to manipulated variables. 
7. The sensory evaluation panel represented the general population, and the panel 
selection procedures were valid. 
Limitations 
Seven rats per treatment were used for the second study as opposed to the first 
study which had 10 rats per treatment. Only two levels of Bermuda grass substitutions, 
5% and 10%, were tested for bread. 
Definition of Terms 
The following definitions were used in this study: 
Limiting amino acid: The amino acid present in the shortest supply relative to the 
amount needed for protein synthesis in the body. 
Protein Efficiency Ratio (PER): The ratio between the weight gain of the growing 
animal (new tissues formed) and the amount of protein consumed (Chen & Peppler, 
1978). 
Apparent digestibility: Apparent. digestibility measures both the digestibility of 
amino acids in the feed and those contributed from endogenous sources from the animal. 
Apparent digestibility is affected by the level of crude protein in the test diet (Cole and 
Van Lunen, 1994, p. 116). 
Color: A combination of hue, purity and lightness which correlates well with the 
human perception of color (Noble, 1975). 
Dietary Fiber: The portion of plant cells that can not be digested by human 
alimentary enzymes, therefore cannot be absorbed from human small intestine (Slavin, 
1987). 
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Dried distiller's grain: major by-product resulting from the fermentation of cereals 
in the production of alcohol for beverages or fuel (Cromwell, Herkelman, and Stahly, 
1993). 
Flavor: A complex sensation with taste, aroma and mouth feel as three categories 
or components (Amerine, Pangborn, and Roessler, 1965). 
Sensory Evaluation: A scientific discipline used to evoke, measure, analyze and 
interpret reactions to those characteristics of foods and materials as they are perceived by 
the sense of sight, taste, touch, and hearing (Prell, 1976). 
Texture: In foods, the characteristic consistency and overall structure, which 
includes viscosity, cohesiveness and hardness (Paul and Palmer, 1972). 
Format ofDissertation 
This dissertation follows the format °'f the Graduate College Thesis/Dissertation 
Handbook for Oklahoma State University except for Chapters N and V. Chapter N is 
written following the guideline for authors of the Journal of Food Quality (Appendix A). 
Chapter Vis written following the guideline for authors of the Journal of Ecology of Food 
and Nutrition (Appendix B). Chapter N will include Experiments I and ID, while 
Experiment II will be discussed in Chapter V. 
CHAPTER II 
REVIEW OF LITERATURE 
This chapter covers a brief review of protein-energy malnutrition, protein 
efficiency ratio, quality of plant/Bermuda grass protein and pigmentation, effect of plant 
fiber on growth and digestibility, and food application of plant proteins. Selected 
literature on sensory evaluation of breads and other products is reviewed. 
Protein-Calorie Malnutrition 
The growing population of the third world countries and their domestic animals 
need protein. The cheapest proteins are those derived from plant materials which, 
although in abundance, are underutilized in many countries, (Oliveira, Vasconcelos, 
Gondim, Cavada, Moreira, Santos, and Moreira, 1994). Hunger and malnutrition in 
different segments of the world's people are serious problems, even though world food 
supplies are adequate to feed all people. A deficient intake of protein and calories results 
in protein-calorie malnutrition such as stunted growth, wasting and edema. The Food and 
Agriculture Organization (FAQ) of the United Nation (1987) estimated that Protein-
Energy Malnutrition (PEM) affects 500 million people in the world, two-thirds of whom 
are in the developing countries. 
Mild to moderately undernourished children from different parts of the developing 
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countries are less active than adequately nourished children of the same age. In addition, 
survivors of severe protein-calorie malnutrition have poorer levels of mental development 
than their better nourished peers or siblings several years later. In studies by Grantham-
McGregor, Schofield, and Haggard (1988) in Jamaica and Thailand, severely 
malnourished children were less responsive to stimuli than adequately nourished children. 
Overall, long term, severe protein-calorie malnutrition is likely to result in serious defects 
in cognition functioning (Grantham-McGregor, 1993). 
Protein-energy malnutrition is believed to be the primary nutritional problem in 
most developing countries of the world because cereals and grains are the major sources 
of calories and protein for a large proportion of the population. In terms of quality, cereal 
grains occupy the first place as sources of calories and proteins, and legumes in second 
place (Singh and Singh, 1992). To combat the protein-energy malnutrition, scientists are 
continuously looking at innovative ways to provide a suitable combination of raw 
materials at relatively low cost. Sunflower, soybean flour, peanut flour, amaranth, and 
other sources of vegetable proteins have been brought to the attention of food chemists, 
food technologists, nutritionists, food engineers, and health professionals to meet the 
human nutritional requirement of protein, -especially in the developing countries where 
protein -deficiency is highly magnified. 
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Protein Efficiency Ratio 
All new non-conventional crops first need a protein evaluation to help determine 
their potential use as a new plant for animal or human consumption (Y ensen and Weber, 
1987). Takyi et al (1992) evaluated the protein quality of alfalfa and some common leafy 
vegetables used in Ghana and compared the growth rate of rats on diets containing alfalfa 
and the weaning diets prepared from groundnuts. They weighed heart, liver, kidneys, 
brain, lungs, spleen, adrenal gland, small intestine, large intestine, stomach uterine 
complex, ovaries, testes, and thigh muscles. Results indicated that rats fed alfalfa mix had 
significantly higher protein efficiency ratio (PER) of 1.41 than the groundnut mix which 
had 0.96. The researchers also found significantly higher organ to body weight ratio for 
heart, kidneys, lungs, stomach, small intestine and fallopian tubes of rats fed the groundnut 
nux. 
Godinez et al (1992) fed growing rats and evaluated the protein quality of common 
black beans with four preparations: Cotyledon and seed coats cooked together and 
evaluated with cooking liquor, cotyledon and seed coat cooked together and evaluated 
without cooling liquor nor seed coats, cotyledon and seed coat cooked together evaluated 
without cooking liquor, and cooked cotyledon evaluated without cooking liquor. The 
protein efficiency ratio of the four preparations were 1.14, 0.24, 0. 76, and 1.50. Beans 
without liquor and/or without coat had higher values. 
Balasumbramayas and Sampath (1984) evaluated the protein efficiency ratio of 
Algae spiru/ina, a single cell protein, (17% protein) using growing rats. They fed albino 
rats Algae spirulina, casein, or concentrated milk, containing 10% crude protein diets for 
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21 days. They measured the PER and found the values for algae spirulina as 2.28, casein 
2.45, and concentrated milk, 2.46. They also measured hemoglobin values. The 
researchers concluded that the PER and blood hemoglobin values of rats fed algae 
spirulina were comparable to that of casein or concentrated milk. 
Sangiah (1990) evaluated the protein efficiency ratio of two varieties of amaranth 
(A. cruentus and A. hypochondricus) with growing rats. The she used wheat-soymeal diet 
as a control. The experimental diets were formulated with 50% of each variety mixed with 
. wheat and supplemented with nonfat dry milk. . After feeding rats for 14 days, the results 
showed that rats fed A. hypochondriacus ~e had significantly increased body weight 
compared to the rats fed the control diet, and the protein efficiency ratios of both the 
amaranth varieties were higher than the control. 
Garcia, Alfaro, and Bressani (1987) studied digestibility and protein quality of 
three amaranth species. Weanling rats were fed diets containing I 0% protein either non-
defatted, or defatted amaranth flour, cooked, raw, or mixed with cold water and drum 
dried. After four weeks of animal feeding, the apparent protein digestibility, hemoglobin, 
hematocrit, and serum protein were measured . The researchers also compared weights of 
heart, liver, kidneys, lungs, spleen, pancreas and testicles, and examined whether or not 
feeding the grains induced pathological damage to rats' organs. Feeding the cooked, 
whole amaranth and the defatted amaranth diets resulted in higher feed intake, weight 
gain, and protein efficiency ratio of2.4, and 2.2 respectively, than feeding the non-heat 
treated diets for the three species. Results indicated that cooking the amaranth flour 
improved protein digestibility. Slightly damaged lungs and kidneys were observed which 
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was attributed to oxalate and antinutritional factors in the raw, defatted or non-defatted 
amaranth species. 
The nutritive value of the protein of Jack fruit seed meal, indigenous crop of India, 
with methionine and tryptophan supplementation was studied by Begum, Umapathy, 
Daniel, and Swaminathan (1989). In Experiment I, they fed weanling female albino rats 
with Jack fruit seed meal supplemented with methionine and/or tryptophan and used skim 
milk powder as a control diet. The PER values were 0.43, 0.73, 0.73, and 2.8 
respectively. In Experiment II the rats were fed Jack fruit supplemented with skim milk 
powder or skimmilk protein. The protein efficiency ratio of rats fed Jack fruit with 
skimmilk protein was 2.88 which was higher than the Jack fruit seed meal alone or -
supplemented with either methionine or tryptophan. The researchers suggested that the 
Jack fruit seed meal be supplemented with the deficient amino acids methionine and 
tryptophan by combining the meal with milk protein, if it is to be used for human 
consumption. 
Delisle, Amiot, Goulet, Brisson, and Jones (1985) evaluated the protein efficiency 
ratio and apparent digestibility of soybean flour, rapeseed protein concentrate, whole 
wheat flour , soybean extract and autoclaved soybean using growing rats~ and compared 
them with casein. The PER values were for soybean flour 1.97, autoclaved soybean 2.49, 
soy extract 1.36, rapeseed 3.29, whole wheat flour 1.7, and casein 3.47. The result of the 
study showed that rapeseed·protein concentrate was comparable to casein and gave the 
highest weight gain and PER values compared to other protein sources tested. In 
addition, the apparent digestibility of soybean flour was significantly lower than the other 
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proteins , and the digestibility of all vegetable proteins was lower than that of casein. The 
researchers concluded that the nutritive value of soybean flour or soybean extract could be 
improved by autoclaving and by blending with wheat albumin-globulin plus glutinin. 
Yensen, and Weber {1987) evaluatedDistichlis palmeri, a salt grass that produces 
a wheat-like grain using mice, in two experiments. In the first experiment, they used 
Distich/is palmeri as a sole source of protein and carbohydrates and compared it with 
whole egg and lactalbumin, as control diets. The PER values were 1.29, 2.5, and 2.02 
respectively. In the second experiment, the mice were fed Distichlis palmeri 
supplemented with the limiting amino acids, methionine, lysine and threonine. The PER 
value of Distichlis palmeri improved from 1.29 to 1.9 when supplemented with the 
limiting amino acids, and significant improvement in body weight was shown. In 
addition, the protein digestion was found to be similar to other cereals. 
Owaegbute, and Nnanyelugo (1987) evaluated the nutritive value of three diets 
based on cowpea-cereal or cowpea yam tuber mixture using rats. Two other weaning 
foods, cerelac and com pap were also evaluated and casein was used as a control diet. 
Protein efficiency ratio of com pap was 0. 77 which was lower than any other groups, 
whereas the other mixtures ranged from 2:23 to 2.49. They also weighed liver, kidneys, 
brain, and muscle The kidneys, brain, and muscle of com pap fed rats were significantly 
lighter than those fed the other diets and the nitrogen excretion was also higher than the 
other groups. The researchers concluded that com pap as a weaning food demonstrated 
inferior quality in all characteristics examined. 
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Nutritional and Pigmentation Quality of Bermuda Grass 
The presence of a substantial quantity of 13-carotene and xanthophyll in turf and 
coastal Bermuda grasses have been reported by many investigators (Fishman, and Evans, 
1978; Wheeler and Turk, 1963; Barnett, and Morgan, 1959). Coastal Bermuda grass has 
been evaluated as a potential xanthophyll source for commercial poultry feed. Fletcher, 
Papa, Halloran, and Burdick (1985) fed chicks with com gluten meal, three alfalfa feeds 
and two coastal Bermuda grass feeds and evaluated their effects on xanthophyll utilization 
and coloring capability in egg yolks. Chicks fed coastal Bermuda grass showed significant 
improvement on yolk color compared to chicks fed the control feed. Though the com 
gluten meal and alfalfa feed showed some similarity on xanthophyll utilization, the egg 
yokes were more pigmented when Bermuda grass was used in the chick ration. Fishman 
and Evans (1985) analyzed the amino acid content of coastal Bermuda grass by ion 
exchange chromatography. They found the coastal Bermuda grass high in lysine which is 
deficient in cereal grains. The coastal Bermuda grass was also found high in sulfur-
containing amino acid, cystine, which is deficient in legumes. 
A study undertaken by Wheeler and Turk (1963) compared Be~uda grass meal 
and alfalfa meal for chicks.as a pigment source for egg yolk. The study was also intended 
to determine the interchangeability of Bermuda grass and alfalfa in chick rations. Chicks 
were fed rations supplemented with either Bermuda grass or alfalfa at 2%, 5%, and 100/o. 
The researcher found no difference in the growth performance of chicks fed the two meals 
at 2%, 5%, or 10%. Wheeler and Turk (1963) also suggested that the optimum 
supplementation of either feeds was at the 5% substitution level and concluded that 
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Bermuda grass could replace alfalfa for egg yolk pigmentation in chick ration. 
Barnett and Morgan (1959) fed one group oflaying hens a standard laying ration 
containing 50% yellow com and 5% or 10% alfalfa as a source of xanthophyll pigments 
and the second group, a similar diet with dehydrated coastal Bermuda grass substituting 
for alfalfa. After the feeding period, all eggs were broken and scored by comparing colors 
using an Heunan-Carver Color Rotar. The eggs were more highly pigmented when 
Bermuda grass replaced alfalfa except at the 10% level where the alfalfa resulted in higher 
pigmentation. 
Food Application of Plant Fiber 
The physiological effects of fiber are relevant not only to the gastrointestinal 
functions and pathology, but also to lipid and glucose metabolism and trace mineral 
homeostasis (McPherson, 1993). Dietary fiber has been implicated in increasing fecal 
bulk, binding bile acids and excretion, and lowering cholesterol, (Schrijver, 1990; Read, 
1986). Some studies also indicated that dietary fiber plays a role in lowering heart disease 
risks, and in fighting colorectal cancer and short chain fatty acid concentration (Folino, et 
al, 1994; Anderson and Gustafson, 1988). · Bennuda grass is about 30% fiber, and it has 
been reported by Fishman and Evans (1985) that Bermuda grass is high in the amino acids 
lysine and cystine which are deficient in wheat and legumes. It is the belief of the 
researchers that Bermuda grass could be used as a protein and a fiber source. The 
importance of fiber both in the etiology and treatment of diseases will be reviewed. 
It is often suggested that an effective way to increase stool weight is to increase 
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the fiber content of the diet by eating whole meal bread. Eastwood, Elton, and Smith 
(1986) studied the effects of whole meal bread on stool weight, fecal constituents, bile 
acid, fat, neutral sterols, and intestinal transit time and found a linear relationship between 
stool weight and intestinal transit time when there was an increase of 20% whole meal 
bread in the diet. Wyman Heaton, Manning, and Wicks (1976) studied the effect on 
intestinal transit time and the feces of rats fed raw and cooked bran in different doses, and 
found that both raw and cooked bran decreased transit time and fecal weight. 
Smith; Drummond, and Eastwood (1981) studied the effect of coarse and fine 
Canadian red spring wheat and French soft wheat bran. Results confirmed that the coarse 
type of wheat, whether Canadian or French; had more significant effects on the stool 
weight, speeded intestinal transit time, and reduced intraluminal pressure in the colon 
more than did the fine types of wheat from the same source in patients with diverticular 
diseases. 
Physiological effects of fiber-rich types of breads were studied by Van-Dokkum 
(1983) in young adult males. The researcher found an increase in fecal weight and 
defecation frequency, and a decrease in intestinal transit time when dietary fiber in the diet 
was increased from 9 to 22 g per day. When diet containing 35 g neutral detergent fiber 
was fed, :further changes were noted for all factors measured, and Van-Dokkum (1983) 
concluded that a whole meal bread produced changes similar to feeding 22 g of neutral 
detergent fiber. 
Effects of three cereal bran, wheat, rice, and oat were studied by Kestin, Moss, 
Clifton, and Nestel (1990). They studied the effects of cereal bran on plasma lipids, blood 
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pressure, and glucose metabolism in mildly hypercholestrolemic men. The research 
compared the effects of adding 11. 8 g dietary fiber per day from each of the three cereal 
bran to a low fiber diet. Plasma total and low density lipoprotein cholesterol 
concentration were significantly lowered by oat bran. Oat and rice bran according to 
Kestin et al (1990) exerted a small but potentially useful effect on plasma lipoprotein risk 
factors for cardiovascular diseases. 
The effects of methylcellulose, coarse wheat bran, fine wheat bran and parboiled 
rice bran were studied by Folino, McIntyre, and Young (1996). Rats were fed diets 
containing either no added fiber or 10% fiber from the aforementioned fiber sources. In 
their findings, the researchers concluded that fecal output increased with methycellulose 
and coarse wheat bran, and only coarse bran increased short chain fatty acid concentration 
in the feces. Low fecal pH was also recorded with coarse wheat bran and parboiled rice 
bran, and there was no effect on colonic epithelial proliferation from all four fiber sources. 
Schrijver (1990) fed animal protein (casein) and plant proteins, wheat gluten, soy 
protein, and potato to mature and immature rats for four weeks,. After four weeks, he 
found negative correlation between fecal total sterol excretion and plasma total cholesterol 
and high density lipoprotein cholesterol. The researcher concluded that consumption of 
plant proteins resulted in a faster migration of sterol than in animal proteins, and further 
suggested that plant proteins lowered the cholesterol level of the rats because of their fiber 
content 
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Effect of Plant Food on Growth and Digestibility 
Buchannon (1969) studied the digestibility of wheat leaf protein concentrate using 
papaya enzyme solubilization procedure in vitro which correlated well with the true 
digestibility obtained by rat feeding in vitro. Byers (1967) used papaya enzyme to study 
the digestibility of maize leaf protein of increasing maturity and protein fractions from 14 
different species, and reported that papaya enzyme increased the digestibility of the leaf 
protein, although species differences in digestibility were noticed. 
Ershoff(1959) added alfalfa and other succulent plants as oat grass, cye grass, 
wheat grass, and fescue grass to a mineralized milk ration and evaluated the growth and 
survival of guinea pigs, by making 5-20% substitutions. Dehydrated cye grass, orchard 
grass, wheat grass, fescue grass, and oat grass, when fed at 20% level in the diet resulted 
in significant growth. When the substitution levels increased, the guinea pigs growth was 
affected negatively. The researcher recommended that the 20% substitution is the 
maximum to promote growth without any adverse effect. 
Woldegiorgis (1976) studied alfalfa protein concentrates using growing rats. He 
employed three methods of protein preparation: heat coagulation, extraction, and freeze-
dcying. Rats were fed diets containing· 10% alfalfa leaf proteins using three preparation 
methods and were comparable with rats fed 10% casein (87% protein) control diet. The 
results of the research showed that freeze-dried concentrates of alfalfa supported rat 
growth and suggested that freeze-dcying protect sulfur-containing amino acid than heat 
treated alfalfa and concluded that alfalfa proteins are richer and better utilized if freeze 
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drying is used as a method of preparation. 
Oliveira et al (1994) studied Canavalia brasiliensis seeds by feeding mature seeds, 
that grow wild in the state of Ceara in Northeastern Brazil, to rats. The raw seeds were 
not a good protein source and did not support growth. The seeds resulted in weight loss, 
high nitrogen excretion, and macroscopic alterations of key internal organs such as the 
stomach, small intestine, cecum, colon, thymus, kidneys, heart, lungs and muscles. 
Com gluten meal, a by-product of the com wet-milling industry, was studied by 
Buck, Walker, and Watson (1987) both alone and in combination with soy flour, in sugar 
cookies, white pan bread, pasta, and extruded snacks. Functional, sensory properties, and 
protein qualities were analyzed. The four food products possessed in vitro digestibility 
greater than 80%. Computed PER values of the cookies, breads and extruded products 
were higher than those of the initial flours and com gluten meal individually. 
Sensory Evaluation 
Sensory evaluation is a tool used in food Industry as a guide in the selection of 
new product targets, product development, and quality control. Jellink {-1964) described 
two classifications of sensory evaluation testing: analytical ( objective ) tests and affective 
(subjective) tests. Analytical (objective) tests involve discrimination and descriptive 
evaluations. These methods are used to evaluate products in terms of differences or 
similarities and identification or quantification of sensory characteristics. Affective tests 
include tests to determine consumer acceptance of a product and tests to determine 
consumer preference for a product (Campbell et. al., 1979). Descriptive tests compare 
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characteristics of samples and show magnitude of differences. They include ranking tests, 
scoring tests, flavor, and texture properties, quantitative descriptive analysis, and 
magnitude estimation. 
Baked products are consumed worldwide. Therefore, fortification with high-
protein sources provides a good opportunity to improve the nutritional quality of protein 
consumed by many people (Hoover, 1979). Raidl and Klein (1983) studied the effect of 
substituting 5%, 10%, and 15% field peas or defatted soy flour for wheat flour in a 
chemically leavened bread on physical characteristics of batters and bread. A sensory 
evaluation panel found significant differences in crust color, color uniformity, and flavor. 
Results indicated that defatted soy flour can be successfully substituted for wheat flour in 
quick breads at levels up to 15% whereas at the same substitution levels, field pea flour 
had adverse effect~ on both physical and sensory characteristics. 
Ayoub and Knight (1990) evaluated pita 'Arabic bread' with sensory evaluation 
using an ordinance scale. They added single cell protein at 2%, 4%, 6%, 8%, and 10% 
substitution for wheat flour. The semi-trained panelists evaluated color, aroma, texture, 
off flavor, and overall acceptability of the product and found that the 6% substitution was 
best accepted by their taste panel. 
Tsen, Weber, and Eyestone (1983) studied the potential use of distillers dried grain 
flour as an ingredient for preparing grain-type breads. When wheat flour was 
supplemented with distiller's grain at 10% and 20% substitution levels, the substitution 
reduced dough development time and stability. Breads supplemented with 10% distillers' 
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dried grain were superior to whole wheat bread in loaf volume, crumb grain, and color. 
The substituted breads contained less ash and fiber than whole wheat bread but more than 
white bread. The breads supplemented with 10% distillers' grain had the same amount of 
protein and fat as whole wheat bread and retained softness much better than whole wheat 
bread. 
Collins, Kalantari, and Post (1982) studied peanut hull flour. They substituted the 
peanut flour at 4% and 8% to wheat bread to increase the dietary fiber content. The bread 
was tested for textural properties, proximate composition, dietary fiber content, specific 
volume, color, and other sensory attributes. While addition of peanut hull flour caused 
some changes in the bread, all samples were evaluated by a taste panel as being 
acceptable. From the standpoint of bread quality, peanut hull flour was an acceptable 
material which could be added to increase the level of dietary fiber in breads. 
Becker, Wagoner, Hanner, and Saunders (1991) studied "Oahe" an intermediate 
wheatgrass seed. In the study, they found that the seed had a higher level of protein 
(20.8%) and ash (2.64%) than wheat. The wheatgrass seed was nutritionally limiting in 
lysine as is wheat, but had higher levels of all other essential amino acids than wheat. 
Breads, cookies, and cakes containing various levels of the flour were evaluated by a 
sensory panel to have favorable appearance, texture, flavor, and overall characteristics. 
Distillers' dried grain (DDG) was chemically and physically characterized and the 
effects of varying levels of the DDG on the sensory characteristics of bakery products 
were studied by Brochetti and Penfield (1989). Total dietary fiber (51.22%) and protein 
(26.59%)were the principal constituents of the DDG. Compared with all-purpose flour, 
the DOG was more acidic, absorbed more water and oil, and was darker in color. 
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Consumer panels evaluated the acceptability and intensities of sensory characteristics of 
com muffins, hush puppies, spiced doughnuts and molasses-raisin cookies containing I 0, 
20, and 30% DDG. As the replacement of DDG increased, the appearance, flavor, and 
texture of the products were adversely affected, however, acceptable products were 
prepared with either IO or 20% DOG. 
CHAPTER ID 
METHODOLOGY 
This chapter includes the procedures used to evaluate the nutritional quality of 
Bermuda grass and the sensory quality of bread with Bermuda grass substitutions. 
Included are Experiment I, which is the PER study, and Experiment II, which evaluates 
different levels of substitutions (0%, 10%, 25%, and 40%). Experiment III evaluates 
bread sensory quality with 5% and 10% substitutions of Bermuda for all purpose flour. 
The 15% substitution, which was initially included in the proposal, was dropped because 
of offending odor and very .coarse texture. 
The Animal Use Protocol was approved by The Oklahoma State University 
Institutional Animal Care Committee (Appendix C) and Human Subject Research was 
approved by the University Institutional Review Board (IRB) (Appendix D). Each article 
(Chapters IV.and V) includes references cited, but all references are incl1:1ded in the 
Bibliography at the end of Chapter VI. 
Amino Acid analysis is shown in Appendix E. Based on preliminary experiments 
and comparisons of protein content, the researcher and graduate committee decided to 
only use one standard cultivar, Tifton, as the control cultivar. Gordon's Gift and World 




Diets and Animal Feeding: Fresh Bermuda grass from the three cultivars (Gordon's Gift, 
World Feeder, and Tifton ), four weeks old cut, was obtained from the Agronomy 
Department of Oklahoma State University. The grasses were sun-dried until they were 
dry enough for grinding in the field, and ground with a Wtley Mill equipped with a mesh 
size 2mm sieve. Then the powder was milled again using a Cyclone Sample Mill (UD 
Corporation, Boulder, CO) to form a fine, uniform powder, and stored under refrigeration 
until the feeding period. Other diet ingredients, casein, cornstarch, mineral mix, vitamin 
mix, DL-methionine, choline bitartrate and cellulose were purchased from United States 
Biochemical (Cleveland, OH). Sucrose, and com oil were purchased from a local grocery 
store. Forty weanling Sprague Dawley rats (SASCO, Omaha, NE) initially weighing 
between 43 and 58 grams were used. In this study, after a three-day adaptation period, 
the rats were randomly divided into groups of 10 and housed individually in stainless steel 
cages in a room temperature of24 ± 1.5° C with 12 hour light 12 hour dark cycle. Diets 
containing the Bermuda grass cultivars were formulated such that 10% of the protein 
required was from the grasses Table l}. All diets were supplemented with casein, 
- . -
cornstarch, com oil, sucrose, minerals, vitamins, DL-methionine, choline bitartrate, and 
cellulose to adjust to the rat's dietary requirements (AIN, 1976). The rats were given feed 
and water ad libitum for 14 days. Weekly weight gains and feed consumption were 
recorded. PER values were calculated as average weight gained per day per gram of 
ingested protein. 
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Table 1. Composition of Experimental Rat Diet(g/K.g) 
Ingredient Dietl Diet2 Diet3 Diet4 
Gordon's Gift 0 100 0 0 
World Feeder 0 0 100 0 
Tifton 0 0 0 100 
Casein 104 92 92 92 
Cornstarch 666 608 608 608 
Corn oil 50 50 50 50 
Sucrose 80 80 80 80 
Mineral mix 1 35 35 35 35 
Vitamin mix 2 IO IO IO IO 
Cellulose 3 50 20 20 20 
DL-Methionine 3 3 3 3 
Choline Bitartrate 2 2 2 2 
Total 1000 1000 1000 1000 
1 AIN 76 mineral mix 
2 AIN 76 vitamin mix 
3 Non nutritive bulk 
Amino Acid Analysis: The amino· acid for the three Bermuda grass cultivars were analyzed 
by hydrolysis. Samples were hydrolyzed in Teflon digestion vessel (CEM, Mathews, NC) 
with 6M hydrochloric acid. AminoQuant (HP, Waldbronn, Germany) was used for amino 
acids estimation. Amino acids were derivatized with o-phthaldialdehyde and a-
fluorenylmethyl chloroformate and separated using a reverse phase column. A diode array 
detector was used for amino acid detection {Appendix E) 
Weight of Organs: After 14 days the rats were anesthetized with Ketamine (0.3 
rnVanimal) and Xylazine (0.2 rnVanimal) and sacrificed, their heart, liver, kidneys, spleen, 
lungs, and testicles were excised, rinsed, and weighed. 
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Experiment Il 
Diets and Animal Feeding: As in Experiment I, fresh Bermuda grasses (Gordon's Gift, 
World Feeder & Tifton) were obtained from the Agronomy Department of Oklahoma 
State University, and the same procedure as the first experiment were followed for drying 
and grinding the grasses. Other ingredients, casein, cornstarch, mineral mix, vitamin mix, 
DL-methionine, choline bitartrate, cellulose and lysine were purchased from United States 
Biochemical (Cleveland, OH). Sucrose and com oil were purchased from a local grocery. 
TA;I3LE 2 
Composition ofbasal diet (Diet 1) g/Kg diet 
Casein l 04.0 
Cornstarch 665.5 
Corn oil 50.0 
Sugar 80.0 
Mineral mix1 3 5. 0 






1 AIN 76 mineral mix 
2 AIN 76 vitamin mix 






Twelve Diets were Prepared. Diet 1 was a control diet (Table 2). Diets 2-10 were, one 
diet each containing 10%, 25%, and 40%, of the three cultivars. In addition, Diet 11 had 
40% Bermuda grass but no lysine. Diet 12 had cellulose as a fiber source at an amount 
comparable to the fiber at the 40% Bermuda grass level in order to compare the effects of 
the two fiber sources (Table 3). Eighty four weanling Sprague Dawley rats (SASCO, 
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Omaha, NE) initially weighing between 25 and 45 g were used. After a three-day 
adaptation period, the rats were randomly divided into groups of seven and housed 
individually in stainless steel cages in room temperature of24 ± 1.5° C and a 12 hour light 
12 hour dark cycle. Diets containing 10%, 25%, and 40% of the Bermuda grass flour 
were formulated to contain 10% crude protein (N x 6.25) as a combination of Bermuda 
grass protein and casein. All diets were balanced for lysine except for Diet 11, which had 
no lysine. The diets were randomly assigned to sets of animals (7/group). The diet 
formulae included casein, cornstarch, com oil, sucrose, mineral mix, vitamin mix, DL-
methionine, choline bitartrate, and cellulose to adjust to 100 g. Rats were given feed and 
distilled water ad libitum for 28 days, and weekly weight gains, feed consumption and 
weight of wet and dry feces were recorded. 
Table 3 . Comeosition of e~erimental diets {~82 
.. Insr:edient .......................... 10% ......... 25% ...... ··· 40% ........ 40% no. lysine ....... 12.5%. fiber ... 
Bermuda grass 100 250 400 400 0 
Casein 92 73 55 55 104 
Cornstarch 613 495.15 362.4 365 590.S 
Corn oil 50 so 50 50 50 
Sucrose 80 · 80 80 80 80 
Mineral mix1 35 35 35 35 35 
Vitamin.mix2 10 10 10 10 10 
Cellulose 14 0 0 0 125 
DL-methionine 3 3 3 3 3 
Choline bitartrate 2 2 2 2 2 
Lysine 1 1.85 2.6 0 0.5 
Total 1000 1000 1000 1000 1000 
AIN 76 mineral mix 
2 AIN 76 vitamin mix 
3 Non nutritive bulk 
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Organ, and Blood Sample Collection: On the 27th day, the rats were made to fast for 24 
hours for blood sampling. On the 28th day the rats were anesthetized and sacrificed, and 
blood was collected from the heart of each rat with a 3mm heparinized syringe and 
centrifuged using a Beckman TJ-6R centrifuge (Beckman Instruments Palo Alto, Ca) for 
30 minutes at 4° C. The plasma were separated and stored at -20°C for analysis. Plasma 
albumin and creatinine were analyzed using COBAS FARA chemistry analyzer (Roche 
Diagnostic Systems, Somerville, NJ). Organs (liver, heart, kidney, lung, spleen, and 
testicles) were excised, rinsed and weighed. 
Fecal Samples Collection. All wet feces collected every morning throughout the trial 
period were weighed and oven-dried for 48 hours at I 00° C and reweighed to determine 
the fecal dry weight. The fecal samples collected during the last 7 days of the experiment 
for each animal were sealed in sample bags and frozen at -20° C for analysis. 
Kjeldahl Analysis and Protein Determination Prior to the Kjeldahl analyses, the frozen 
samples were oven-dried for five hours at 60° C. Duplicate fecal samples were used to 
determine dry matter digestibility. Nitrogen and protein content of feed and fecal matter 
were determined following the macro Kjeldahl method (AOAC, 1990) using a KelTec 
1030 Auto Analyzer (Tecator, Sweden) for digestion and distillation, with each sample 
being run in duplicate. In order to calculate the ni,trogen and protein content the following 
formulae were used: 
% Nitrogen= [ (I.40lg/mole x O. IOmole/litre)/dry sample wt.(grams)] x mis HCL 
% Protein=% Nitrogen x 6.25 (standard conversion for plant material) 
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Experiment ID 
Bermuda Grass in Bread 
Preparation of bread: Breads were made with either 0%, 5% or 10% Bermuda grass flour 
substituted for equal weight of All Purpose flour (Table 4). The ingredients used for the 
bread making were active dry yeast, water, sugar, all purpose flour (10.5% protein) and 
Bermuda grass flour. Breads were prepared one day before sensory evaluation. All 
formulae assembly steps followed procedures as described in Knight (1995). All doughs 
were kneaded for exactly 10 minutes, and proofed in a proofing chamber (Proof Hot 
Cabinet, Cleveland, OH) at a temperature of 85° F (29° C), with controlled humidity, for 
15 minutes. Doughs were then removed from the proofing chamber, kneaded for two 
additional minutes, shaped into loaves, and placed into a 1/2 pound sized loaf pan. 
Proofing was continued until the loaves were ready to bake as determined by the 
compression test illustrated by Freeland-Graves and Peckham (1995). The loaves were 
baked in electronically controlled gas oven at 350° F (177° C), six at a time, for 45 
minutes. The loaves were removed from pans within five minutes after baking and cooled 
to room temperature before packaging. Bread volumes were measured by Volumeter 
using rape seed displacement (Cathcart and Cole, 1938; Penfield and Campbell, 1990) and 
refrigerated overnight in preparation for taste panel evaluation. 
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Table 4. Composition of Breads made with 5% or 10% Bermuda grass substitution 
Ingredient Control Bread 5%Bermuda 10%Bermuda 
grass flour (g) grass flour (g) 
Bermuda grass 0 5 10 
All purpose flour 100 95 90 
Active Dry Yeast 1.7 1.7 1.7 
Sugar 14 14 14 
Shortening 6 6 6 
Salt 1.5 1.5 1.5 
Water 57 57 57 
Sensory Evaluation:· Ten volunteer panelists from the student population attending 
Oklahoma State University signed consent forms as required by the Review Board to 
evaluate the breads. On the day of sensory evaluation, breads were taken out from the 
refrigerator and.rethermalized at room temperature for four hours befor~ presenting to test 
panelists. Prior to the sensory testing, panelists were given training about procedures in 
judging the breads. The training developed a common understanding of terminology used 
in expressing the attributes in the sensory evaluation. The attributes measured were 
flavor, off-flavor, texture, appearance, and overall acceptability. The evaluations were 
done in individual booths, with white flourecent lighting and environmental control such 
that room temperature remained constant over the period of testing, but there was no 
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control over room humidity. Panelists were seated in a room free from external 
distraction. Paper, pencil and distilled water were provided, and panelists were informed 
to rinse their mouth between samples. All samples were judged using a 10-point 
descriptive scale. Samples were presented one at a time on a plate in random order during 
each session. The randomization schedule was as follows. Samples were assigned 3-digit 
number code drawn from a random number table. Samples were presented to panelists, 3 
at a time, on a single plate. Each plate contained 0%, 5%, and 10% samples of a single 
cultivar (Gordon's Gift, World Feeder, Tifton). Sample plates were randomly presented 
to the panelist so that each panelist receive samples in a random order and each cultivar 
had equal opportunity to be selected first. All three cultivars were rated on each testing 
day. Panelists were allowed about 15 minutes between sample presentation in order for 
the palate to clear. Testing sessions were held at approximately the same time each day (3 
p.m.) for three consecutive Fridays, and the same procedures were followed for all 
sessions. 
Statistical Analysis 
The data for the Protein Efficiency Ratio study (Experiment I} was analyzed by 
one way ANOVA using the Statistical Analysis System (1985). When p values were 
significant (p ~ 0.05), differences among means were compared with t-test (Steel and 
Torrie, 1980). The data for Experiment II were analyzed with the General Linear Model 
(SAS, 1985), and Duncan's Multiple Range Test (Steel and Torrie, 1980) was used to 
compare the means. The data from Experiment ID, sensory attributes (flavor, off-flavor, 
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texture, appearance, and acceptability}, were analyzed using Repeated Measures Analysis 
of Variance, and t-test (LSD) was used to determine the mean differences. 
CHAPTER IV 
PROTEIN EFFICIENCY RATIO OF RATS FED 10% BERMUDA GRASS RATION 
AND SENSORY EVALUATION OF BREADS WITH 5% and 10% SUBSTITUTION 
D. TIDEG, L. EBRO, S. KNIGHT, C. HANSON, B. STOECKER 
Department o(Nutritional Sciences 
and 
W.WARDE 
Department of Statistics 
Oklahoma State University, Stillwater, OK 74078 - 6141 
ABSTRACT 
A Protein Efficiency Ratio study (PER) was used to evaluate the nutritional 
adequacy of three Bermuda grass cultivar (Gordon's Gifts, World Feeder, and Tifton) 
flours. All diets were 10% protein with the Bermuda grass flour in each case furnishing 
1.2% of the total protein and casein furnishing 8.8%. The reference diet was 10% protein 
- -
as casein. The mean weights of rats fed Bermuda grass flour were not different (p :S 0.05) 
from those fed the reference protein. The PER values of 10% Gordon's Gift, World 
Feeder, Tifton and the control were 2.71, 2.62, 2.86, and 2.87. 
There were no significant differences in organ weights except for the rats fed 
World Feeder whose hearts and spleens were smaller than the control. For sensory 
evaluation, breads were made with 0, 5, or 10% substitution of the Bermuda cultivar 
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flours for all purpose flour. For most characteristics, panelists found the 00/o (all purpose 
flour control) more favorable (p S 0.05). Overall, Gordon's Gift 5% substitution was 
rated favorably with the control while the other cultivars were significantly rated lower 
than the control. 
INTRODUCTION 
The increased population and general shortage of animal protein and other foods in 
some countries and the rapid spread of malnutrition in the third world countries have 
created a need for new methods of producing and processing foods (Uzogara, et al, 1991). 
Third world countries are predominantly agricultural, and produce only half of their total 
protein requirements which is mainly vegetable protein. Dependence on an incomplete 
protein source has resulted in the prevalence of qualitative dietary protein deficiency (Bass 
and Carl, 1972; Bakashi, et al, 1989). Composite flour technology has been used as a 
means for extending scarce supplies of protein from wheat or com used in the preparation 
of breads or other baked goods (Shurpalekar and Shukla, 1992). Ayoub and Knight 
working with pita bread (1990} substituted single-cell protein at 2%, 4%, 6%, 8%, and 
10% of wheat flour and found that as much as 6% substitution was accepted by their taste 
panels. Tsen et al. (1983) used distiller's grain for preparing grain-type bread. Breads 
supplemented with 10% distiller's dried grain were superior to whole wheat bread in loaf 
volume, crumb grain, and color. The supplemented breads had about the same amount of 
protein and fat as whole wheat bread and retained softness much better than did whole 
wheat bread. 
For third world countries, locally available plant proteins would be an economical 
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approach particularly if they produced a complete protein source. The high cost and 
shortage of animal protein have created dependence on plant sources. In order to alleviate 
the protein-energy malnutrition, more attention is being focused on plant sources for high 
quality protein. Oliveira et al (1994) evaluated the protein quality ofCanavalia 
brasiliensis, a wild grass seed, using growing rats. Yensen and Weber (1987) evaluated 
Distichlis palmeri, a salt grass that produces wheat-like grain using rats. Garcia et al 
(1987), and Sangiah (1990) evaluated the protein efficiency ratio of amaranth grain while 
Woldegiorgis (1976), and Takyi, et al (1992) tested alfalfa protein using growing rats. 
Balasumbramayas and Sampath (1984) evaluated protein efficiency ratio of Algae 
spirulina, (about 17% protein) casein, and concentrated milk, using growing rats and 
found that the PER of Algae spirulina was comparable to that of casein or concentrated 
milk. Begum et al (1989) evaluated the protein quality of Jack fruit, an indigenous crop of 
India, using growing rats and suggested that the fruit could be utilized for human 
consumption if supplemented with methionine and tryptophan. Bermuda grass is 
moderately high in protein (12% ), grows well in a wide variety of climatic conditions, and 
is under investigation as a substitute for low protein flours in staple foods for some 
countries. Bermuda grass, like all grasses~ however, is high in fiber. Ershoff(1959) found 
that a diet high in coastal Bermuda grass (50%) decreased growth in guinea pigs. Three 
Bermuda grass cultivars were reported to be good protein sources, hardy, and grow in 
conditions common to many third world countries. Thus these cultivars were investigated 
as substitutes for low protein flour or to improve the protein quality in different staple 
foods. The goals of this study were to test the protein quality of three cul~vars of 
Bermuda grass as fortified feed for rats, and to determine their acceptability in human 
food. The specific objectives of these studies are to: 
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(1) Determine the protein efficiency ratio (PER) of three Bermuda grass cultivars 
(Gordon's Gift, World Feeder, and Tifton) at 10% of the diet using growing rats and; 
(2) To determine the sensory characteristics of breads fortified with Bermuda 
grass flour at three levels (0%, 5%, 10%) of substitution. 
MATERIALS AND METHODS 
Diets and Animal Feeding 
Bermuda Grass from three cultivars (Gordon's gift, World Feeder, and Tifton) was 
obtained from the Agronomy Department of Oklahoma State University. The grasses 
were planted either in the month of June or July and were harvested after four weeks. 
First cuts were used for this experiment. The grasses were suspended and sun-dried in the 
field until they are dry enough for grinding and ground with a Wiley Mill equipped with a 
mesh size 2mm sieve. Then the powder was milled again using a Cyclone Sample Mill 
(UD Corporation, Boulder, CO.) to form a fine, uniform powder. Other diet ingredients, 
casein, cornstarch, mineral mix, vitamin mix, DL-methionine, choline bitartrate and 
cellulose were purchased from United States Biochemical (Cleveland, OH). Sucrose and 
com oil were purchased from a local grocery store. The fiber content of the grasses was 
obtained from the Proximate Analysis of Cereal grains and Forages (National Research 
Council 1958). A basal diet was prepared based on the American Institute ofNutrition, 
(AIN 1976). Forty weanling Sprague Dawley rats (SASCO, Omaha, NE) initially 
weighing between 43 and 58 grams were used, After three days of adaptation, the rats 
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were randomly divided into groups of 10 and housed individually in stainless steel cages at 
a temperature of 24 ± 1.5° C with a 12 hour light and 12 hour dark cycle. Diets containing 
the Bermuda grass cultivars were formulated such that 10% of the diets were from the 
grass and were randomly assigned to each group of rats. All diets were supplemented 
with casein, cornstarch, com oil, sucrose, minerals, vitamins DL-methionine, choline 
bitartrate, and cellulose to adjust to the rat's dietary requirements (Table 1). The rats 
were given feed and water ad libitum for 14 days. Weekly weight gains and feed 
consumption were recorded. PER values were calculated as average weight gained per 
day per gram of ingested protein. The Animal Use Protocol and Human Subject Research 
were approved by The Oklahoma State University Institutional Animal Care Committee 
and University Review Board for Protection of Human Subjects. 
TABLE 1. 
COMPOSITION OF EXPERIMENTAL RAT DIET(G/KG) 
Ingredient Dietl Diet2 Diet3 Diet4 
Gordon's Gift 0 100 0 0 
World Feeder 0 0 100 0 
Tifton 0 0 0 100 
Casein 104 92 92 92 
Cornstarch 666 608 608 608 
Com oil 50 50 50 50 
Sucrose 80 80 80 80 
Mineral mix 1 35 35 35 35 
Vitamin mix 2 10 IO IO IO 
Cellulose 3 50 20 20 20 
DL-Methionine 3 3 3 3 
Choline Bitartrate 2 2 2 2 
Total 1000 1000 1000 1000 
1 AIN 76 mineral mix 
2 AIN 76 vitamin mix 
3 Non nutritive bulk 
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Weight of Organs 
After 14 days of trial feeding the rats were anesthetized with ketamine (0.3 
mVanimal) and xylazine (0.2 mVanimal) and sacrificed. Their heart, liver, kidneys, spleen, 
lungs, and testicles were excised, weighed, and compared. 
BERMUDA GRASS IN BREAD 
Preparation of Bread 
Breads were made with either 0, 5% or 10% Bermuda grass flour substitution for 
equal weight of all purpose flour. The ingredients used for the bread making are shown in 
Table II. 
Table II Composition of Breads made with 5%, and 10% Bermuda grass substitutions 
Ingredient Control Bread 5%Bermuda 10%Bermuda 
grass flour (g) grass flour (g) 
Bermuda grass 0 5 10 
All purpose flour 100 95 90 
Granulated dry yeast 1.7 1.7 1.7 
Sugar 14 14 14 
shortening 6 6 6 
salt 1.5 1.5 1.5 
Water 57 57 57 
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Breads were prepared one day before sensory evaluation. All doughs were 
kneaded for exactly 10 minutes, and proofed in a proofing chamber (Proof Hot Cabinet, 
Cleveland, OH) at a temperature of85° F (29° C), with controlled humidity, for 15 
minutes. Doughs were then removed from the proofing chamber, kneaded for 2 
additional minutes, and shaped into loaves and placed into a 1/2 pound sized loaf pan. 
Proofing continued until the loaves were ready to bake. The loaves were baked in an 
electronically controlled gas oven at 350° F (177° C) for 45 minutes. The loaves were 
removed from pans within 5 minutes after baking and cooled to room temperature before 
packaging. Bread volumes were measured by Volumeter using rape seed displacement 
(Cathcart and Cole, 1938; Penfield and Campbell, 1990) and refrigerated overnight in 
preparation for taste panel tasting. 
Sensory Evaluation 
Ten volunteer panelists from the student population attending Oklahoma State 
University participated in the sensory evaluation and signed consent forms as required by 
the Institutional Review Board. On the day of sensory evaluation, breads were taken out 
from the refrigerator and rethermalized at room temperature for four hours before 
presenting to test panelists. Prior to sensory testing, panelists were given training about 
procedures in judging the breads. The attributes measured were flavor, off-flavor, texture, 
appearance, and overall acceptability. All samples were judged using a 10-point 
descriptive scale. The evaluations were done in individual booths, with proper lighting 
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and environmental control .such that room temperature remained constant over the period 
of testing. Panelists were seated in a room free from external distraction. Panelists 
participated in the sensory evaluation at approximately the same time for three consecutive 
Fridays. Samples were presented at a time on a plate in random order during each session 
The order of cultivar rating and the order of sample presentation during testing were 
randomly assigned. The interval between products was controlled and panelists were 
instructed to rinse their mouths with distilled water between samples. 
Statistical Analysis 
The data for the protein efficiency ratio study was analyzed by one way ANOV A 
using the statistical analysis system (SAS, 1985). Significant (p s 0.05), differences 
among means were identified using t-test (LSD) (Steel and Torrie, 1980). For sensory 
evaluation, the attributes (flavor, off-flavor, appearance, texture, acceptability) were 
analyzed with the General Linear Model using Repeated Measures of Analysis of 
Variance. Significant differences among means were compared with t-test (LSD) (.Steel 
and Torrie, 1980). 
RESULTS AND DISCUSSION 
Experiment I Animal Study 
The animal feeding, weight gain, and PER values are summarized in Tables 2. 
The mean PER values of the control and the three cultivars of Bermuda grass at 10% 
substitution level were 2.87, 2.71, 2.62, and 2.86 and were not significantly different from 
each other. The PER values indicated that the growth of rats fed I 0% Bermuda grass 
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substituted diets were comparable to the casein control diet. The organ weight values are 
summarized in Table 3. The mean weights of the heart and spleen of the rats fed World 
Feeder were significantly less than those fed the other diets. In fact, weights for 5 of the 6 
organs tested were lowest for the World Feeder, although these differences were only 
significant for the hearts and spleens. We.do not know if these data are an anomaly or 
whether a longer feeding trial would show a significant trend in these organ weights for 
rats fed the World Feeder cultivar. 
Many research work had been carried out to evaluate the protein quality, apparent 
digestibility, PER, biological value and safety ofleaf protein in general (W oldegiorgis, 
1976; Godinez, et al, 1992; Takyi, et al, 1992; Uwagbute and Nnanyelugo, 1987; Garcia, 
et al, 1987; Begum, et al, 1989). Results of comparative amino acid analysis of Bermuda 
grass showed that lysine contents of Gordon's Gift, World Feeder, and Tifton are 3.55, 
3.45, and 4.46 mg/g compared to wheat grain which is 2.82 mg/g. The most limiting 
amino acid in Bermuda grass is the sulfur containing amino acid, methionine. In general, 
independent of cultivar, the PER values for the I 0% Bermuda grass substitution diets gave 
statistically similar values. The similarity in PER could indicate good utilization of the 







TOTAL WEIGHT GAIN, PROTEIN INTAKE, WEIGHT GAIN PER DAY, AND 
PROTEIN EFFICIENCY RATIO (PER) OF RATS FED 10% OF DIET AS 
BERMUDA GRASS (MEAN± SEM) 
Total Weight gain Protein Intake Average Daily Weight 
(g) (g/day) Gain (g) 
66.6 ± 3.85• 1.65 ± 0.03• 4.75 ± 0.03• 
63.o ± 3.85. 1.66 ± 0.03• 4.50 ± 0.03• 
60.8 ± 3.85. 1.66 ± 0.03• 4.34 ± 0.03• 
66.2 ± 3.85. 1.65 ± 0.01• 4.73 ± 0.01• 
Values in the same column with different superscript are significant (p ~ 0.05). 
TABLE 3. 
WEIGHT OF ORGANS OF RATS FED 10% BERMUDA GRASS AND 
CASEIN (REFERENCE) DIET (MEAN± SEM) . 
PER 
2.87 ± 0.11· 
2.71 ±0.17• 
2.62 ± 0.11· 
2.86 ±0.11• 
.. Diet ..................................... Heart.<B) ......................... Liver. (Bl.. ........................ Kidney(g) ...................... Spleen .<B) ...................... Lung.(g) .......................... Testicle_(g2.. ............. .. 
Control 0.53 ± 0.06• 5.10 ± 0.741 0.96 ± 0.13• 0.38 ± 0.061 0.81 ± 0.121 1.15 ± 0.221 
Gordon's Gift 0.51 ± 0.061b 5.44 ± 0.14• 0.91 ± 0.131 0.36 ± 0.061 0.80 ± 0.121 1.13 ± 0.221 
World Feeder 0.47 ± 0.06b 5.31 ± 0.14• 0.95 ± 0.13• 0.31 ± 0.06b 0.72 ± 0.121 1.08 ± 0.221 
Tifton 0.51 ± 0.061b 5.99 ± 0.14• 0.99 ± 0.13• 0.34 ± o.o6•b o.78 ± 0.12• 0.90± 0.22• 
Values in the same column with different superscripts are significantly different (p ~ 0.05) 
~ 
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Experiment ill Sensory Evaluation 
The sensory results are summarized in Table 4. The sensory characteristics were.analyzed 
by day and by the Bermuda Grass flour substitution levels. In order to examine the 
consistency of panelists over the three days of sensory evaluation, a day by substitution 
level interaction effects were analyzed. 
TABLE 4. 
SENSORY EVALUATION OF BREADS MADE WITH THREE CULTIV ARS OF 
BERMUDA GRASS FLOUR AT 0%, 5%, AND 10% SUBSTITUTION 
FOR WHEAT FLOUR 
Mean Flavor Rating 
Bermuda Cultivar 
World Feeder 
Da l Da 2 Da 3 
0% 6.90a 7.34a 6.74. 
5% 2.73b 2.67b 2.97b 
10% 2.50b 2.48b 1.80b 
Gordon's Gift 
Da 1 Da 2 Da 3 
0% 6.94. 1.06· 6.49. 
5% 5.421 6.481 6.441 
10% 5.321 5.961 4.95b 
Tifton 
Da 1 Da 2 Da 3 
0% 6.381 6.74. 6.681 
5% 4.4gb 4.80b 5.08b 
10% 3.65b 2.64c 2.85c 
Flavor ratings were O=poor bread flavor, lO=good bread flavor. Values in the same 
column with different superscripts are significantly different (p ~ 0.05). 
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Mean Off-Flavor Rating 
Bermuda Cultivar 
World Feeder 
Da 1 Da 2 Da 3 
0% 2.30 2.21c 2.25 
5% 5_74• 5.34b 5.32· 
10%, 6.43. 6.86. 6.55. 
Gordon's Gift 
Da 1 Da 2 Da 3 
0% 2.38 2.48b 3.26. 
5% 3_55•b 3.77b 4.o8· 
10% 4.16. 5.98. 4.29. 
Tifton 
Da 1 Da 2 Da 3 
0% 1.34c I.SIC 1.63c 
5% 4.94b 5.12b 5.52b 
10% 8.01• 1.sr 7_9ga 
Off-flavor ratings were O=no off flavor, 10= strong off flavor 
Values in the same column with different superscripts are significantly different (p :5: 0.05). 
Mean Appearance Rating 
Bermuda Cultivar 
World Feeder 
Da 1 Da 2 Da 3 
0% 6.32· 6.os• 6.10· 
5% 5.96. 5.36ab 5.88ab 
10% 3.95b 4.19b 3.99b 
Gordon's Gift 
Da 1 Da 2 Da 3 
0% 5.81 6.6ga 6.01· 
5% 8.2s· 1.10· 7_79• 
10% 4.75b 6.19b 5.58b 
Tifton 
Da 1 Da 2 Da 3 
0% 7.45• 1.21• 6.59. 
5% 5.67b 5.86b 5.22b 
10% 5.31b 4.99b 2.76c 
Appearance ratings were O= poor appearance, 1 O= good appearance 
Values in the same column with different superscripts are significantly different (p :5: 0.05). 
45 
Mean Texture Rating 
Bermuda Cultivar 
World Feeder 
Da 1 Da 2 Da 3 
0% 5.77 5.92 6.16. 
5% 8.11· 8.25• 6.93. 
10% 6.62b 6.49b 6.488 
Gordon's Gift 
Da 1 Da 2 Da 3 
0% 4.64 4.67 4.99 
5% 1.25• 6.96. 1.18• 
10% 8.538 7.688 7.468 
Tifton 
Da 1 Da 2 Da 3 
0% 6.21c 6.38 6.75 
5% 8.31· 7.85. 8.668 
10% 7.33b 6.33b 6.82b 
Texture ratings were O= poor texture, 1 O=good texture 
Values in the same column with different superscripts are significantly different (p ~ 0.05). 
Mean Acceptability Rating 
Bermuda Cultivar 
World Feeder 
Da 1 Da 2 
0% 6.64· 7.23. 
5% 5.16b 5.77b 
10% 1.44c 1.36c 
Gordon's Gift 
Da 1 Da 2 
0% 6.9o· 6.998 
5% 5.so• 5.34b 
10% 3.36b 3.90b 
Tifton 
Da 1 Da 2 
0% 6.33. 6.69. 
5% 4.39b 4.51b 
10% 2.02c 1.65c 













Values in the same column with different superscripts are significantly different (p ~ 0.05) 
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In sensory evaluation, the control bread were consistently rated better than the 
breads with 5% and 10% Bermuda grass substitution levels for flavor , off-flavor, 
appearance, and acceptability. For the attribute, texture, however, breads with Bermuda 
grass were rated more favorably than the control bread. Panelists in general, were not 
consistent in rating breads during the three days of sensory evaluation. Panelists detected 
grassy flavor in the 5% and I 0% Bermuda grass substitution breads as distinct from the 
control. The 10% substitution levels of breads were dark green for three of the cultivars 
than the 5% level. Color, therefore contributed to the differences in appearance ratings. 
Bermuda grass flour enhanced the texture of wheat breads. With 5% substitution, the 
Bermuda grass flour breads have uniform cells and appeared lighter than the other breads. 
With I 0% substitution, however, the texture became dense and compact as the liquids in 
the formula were kept constant. 
The overall acceptability determines whether panelists like or dislike the bread. 
Addition of Bermuda grass resulted in changes in bread quality, and quality generally 
influences consumers selection of products (Stone, et al, 1991). The 10% substitution 
level had adverse effects on volume, texture, color, and detectable off-flavor. The results 
from the sensory evaluation indicated that flavor and color of the Bermuda grass flour 
breads were not acceptable to the panelists, except for the bread with 5% Gordon's Gift 
which was judged as similar to the control bread in all sensory attributes. Although 
substituting Bermuda grass in food products was intended to alleviate the protein quality 
in third world countries, the population group need to be identified who would be willing 
to incorporate Bermuda grass in their staple diets. 
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CONCLUSION 
The protein efficiency ratio (PER) study showed that the I 0% Bermuda grass diets 
support growth and were not significantly different from the control diet. The weights of 
the heart and spleen of the rats fed experimental diets, however, were significantly lower 
than those from control group. Further study is needed to see if Bermuda grass has a 
deleterious effect on monogastric animals. Overall, sensory evaluation for the breads 
indicated that those with 5% Gordon's Gift were rated favorably with the control, whereas 
the other cultivars were significantly different from the control. Other baked products 
with 5% substitution level need to be tested and developed to suit local needs and 
preferences relative to color, flavor, and texture of products if Bermuda grass is to be 
used as a protein enhancer. Both the 5% and 10% s1,1bstitution levels of the three 
Bermuda grass cultivars also need to be incorporated in other baked products such as 
quick breads with zucchini and carrots, international breads or deserts, and pasta products 
with vegetables, herbs or spices to discover if acceptable products could be prepared for a 
select group or general public. 
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ABSTRACT 
Growth performance of rats fed different levels of Bermuda grass cultivars (y./orld 
Feeder, Gordon's Gift and Tifton) was evaluated. Twelve diets were prepared with levels 
of 0%, I 0%, 25%, and 40% Bermuda Grass with or without lysine supplement. Eighty-
four weanling Sprague Dawley rats, initially weighing between 25 and 48 g, seven 
assigned to each diet treatment, were used in the study. The rats were provided feed and 
water ad libitum; and weekly weight gains, feed consumption, and fecal output were 
recorded. All diets were 10% protein with the Bermuda Grass flour furnishing 1.2% to 
about 4% of the protein and casein furnishing the rest of the protein. The reference diet 
was I 0% protein, all as casein. After 28 days, the rats were anesthetized, and sacrificed. 
Blood was collected from the heart and the serum was separated for albumin and 
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creatinine analyses. Organs such as heart, liver, kidneys, spleen, lungs, and testicles were 
excised and weighed. The research followed a completely randomized design. Analysis 
was by General Linear Model, with Duncan's Multiple Range Test to determine 
differences between means. There were significant differences (p ~ 0.05) in body weights, 
kidneys, lungs, serum albumin, creatinine, total wet fecal output, dry matter digestibility 
and fecal protein between the control diet and experimental diets for the 25% and 40% 
level of the Bermuda grass substitutions; whereas, no significant differences were found 
between the control diet and the 100/o level for body weights, organ weights, serum 
albumin, or creatinine for all cultivars. · 
INTRODUCTION 
In rural farming populations throughout the world, ecological and economic 
constraints on food availability are frequently reflected in chronic malnutrition, poor 
growth and reduced adulthood working capacity (Leonard et. al. 1993). Protein-calorie 
malnutrition is still the cause for worldwide concerns because of increasing human 
population with little corresponding increase in food resources (Uzogara et. al., 1991). 
Increased agricultural production is a critical objective for developing countries 
experiencing rapid demographic growth, in which agriculture is confronted with extremely 
difficult climatic conditions (Benefice and Simondon, 1993). The situation in the 1990's is 
little changed from the 1980's, with rapid spread of malnutrition in third world (Young, 
and Peelet, 1984) and developing countries where the average annual population growth 
outpaces food production. (Paulino, 1986) and where 95% percent of the future 
population growth will occur (Moffett, 1994). These countries are predominantly 
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agricultural, and produce only half of their total protein requirements, mainly as vegetable 
protei,n. So researchers from all over the world have sought and continue to seek for new 
protein sources from different indigenous plants in different countries. Straus et al (1994) 
concluded that rats on protein restricted diets have reduced serum albumin because of 
reduced albumin synthesis in the liver. Oliveira et al {1994) evaluated the protein quality 
ofCanavalia brasiliensis, a wild grass seed, using growing rats. Garcia et al (1987), and 
Sangiah (1990) evaluated the protein quality of amaranth grain as a food for human. 
consumption while Woldegiorgis (1976) tested alfalfa protein using growing rats. 
Balasumbramayas and Sampath (1984) fed growing rats Algae spirolina ( about 17% 
protein) and measured the PER, hemoglobin and hematocrit and found that the plant can 
support growth. Begum et al {1989) evaluated the protein quality of Jack fruit, an 
indigenous crop of India, using growing rats and suggested that the fruit could be used for 
human consumption if supplemented with methionine and tryptophan. Bermuda grass is 
moderately high in protein {12%), grows well in a wide variety of climatic conditions, and 
is under investigation as a substitute for low protein flours in staple foods for some 
countries. Bermuda grass, like all grasses, however, is high in fiber. Ershoff{1959) 
found that a diet high in Bermuda grass (50%) decreased growth in guinea pigs, but it is 
not clear whether it was Bermuda grass fiber, per se, that caused the decrease. The fiber 
source in most experimental control diets is refined cellulose, usually at 5%, and it is not 
known whether the effect of Bermuda grass fiber is similar to that of the refined cellulose 
fiber. The objective of this study is to evaluate the nutritional adequacy, using growing 
rats, of three Bermuda grass cultivars, Gordon's Gift, World Feeder, and Tifton, at 
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different levels of substitution in diets for growing rats and to compare Bermuda grass as a 
fiber source with refined cellulose. 
MATERIALS AND METHODS 
Preparation ofFeed: 
Fresh Bermuda grasses (Gordon's Gift, World Feeder, and Tifton) were obtained from the 
Agronomy Department of Oklahoma State University. The grasses were sun-dried and 
ground with a Wiley mill equipped with a 2 mm mesh sieve. Then the coarse powder was 
milled again using a Cyclone Sample mill ~ Corporation, Boulder, Colorado) to form a 
fine and uniform powder. The other ingredients, casein, cornstarch, mineral mix, vitamin 
mix, DL-methionine, choline bitartrate, celu:fil (refined cellulose) and lysine, were 
purchased :from United States Biochemical (Cleveland, OH). Sucrose and com oil were 
purchased :from a local grocery store. 
The protein content of the grasses was determined by Kjeldahl, and the amino acid 
components were estimated by AminoQuant (HP, Waddbronn, Germany). The fiber 
content of the grasses was obtained :from the Proximate Analysis of Cereal Grains and 
Forages (National Research Council, 1958). A basal diet was prepared based on the 
American Institute ofNutrition, (AIN 1976) with casein as the protein source (Table 1). 
Test diets were calculated that derived part of the required protein :from the Bermuda 
grasses and the balance :from casein such that diets were sufficient in protein quality and 
quantity for the animals' growth. In all, 12 diets were formulated (Table 2). Diet One, 
which was the control diet, was the basal (AIN) diet with no Bermuda grass added (Table 
TABLE 1. 
Composition ofbasal diet (Diet 1) g/Kg diet 




Mineral mix1 35.0 
Vitamin mix2 10.0 
Cellulose 50.0 
DL- methionine 3.0 
Choline bitartrate 2.0 
Lysine 0.5 
1 AIN 76 mineral mix 
2 AIN 76 vitamin mix 
3 Non nutritive bulk 
TABLE 2. 
Composition of experimental diets (g/kg) 
Ingredient 10% 25% 40% 40% 12.5% 
no Ixsine fiber 
Bermuda grass 100 250 400 400 0 
Casein 92 73 55 55 104 
Cornstarch 613 495.15 362A 365 590.5 
Com oil 50 50 50 50 50 
Sucrose 80 80 80 80 80 
Mineral mix1 35 35 35 35 35 
Vitamin mix2 10 10 10 10 10 
Cellulose 14 0 0 0 125 
DL-methionine 3 3 3 3 3 
Choline bitartrate 2 2 2 2 2 
Lysine l 1.85 2.6 0 0.5 
Total 1000 1000 1000 1000 1000 
1 AIN 76 mineral mix 
2 AIN 76 vitamin mix 
3 Non nutritive bulk 
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1 ). Nine diets (Diets 2-10) containing 10%; 25%, and 40°/c, from each cultivar were 
. formulated and were supplemented with lysine. Diet 11, which had 40% World Feeder 
was formulated with no lysine to test the need for lysine for rat growth. An additional 
diet, (Diet 12) had 12.5% cellulose but no Bermuda grass. All diets were adjusted with 
casein to contain 10% crude protein. Amino acid analysis showed all three of the 
Bermuda grass cultivars to be deficient in lysine. Therefore, control and Diets 2-10 and 
Diet 12 were supplemented with lysine at the level required for rat growth. Diet 11, 40% 
World Feeder but no added lysine is included in order to test the need for lysine. The 
12.5% cellulose diet is included to see if there is a difference betweeri the Bermuda grass 
fiber and the refined fiber. 
Eighty-four weanling Sprague Dawley rats {SASCO, NE) initially weighing between 25 
and 48 g were used. The animal use protocol was approv~d by the Oklahoma State 
University Institutional Animal Use and Care Committee. The rats were allowed free 
access to a semipurified diet for four days of adaptation period, then were randomly 
divided into groups of seven and housed individually in stainless steel cages in a room 
temperature of 24 ± 1.5° C and 12 hour light 12 hour dark cycle. The rats were given feed 
and water ad libitum for 28 days; and weeicly weight gains, feed consumption, and weight 
of wet and dry feces were recorded. 
Blood Sample and Weight of Organs: 
On day 27; rats were deprived of feed for 24 hours to take blood samples at a fasting 
stage. On the 28th day, the rats were anesthetized and sacrificed. A blood sample was 
collected from the heart of each animal with a 3mm heparinized syringe and centrifuged 
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using a Beckman TJ-6R Centrifuge (Beckman Instruments, Palo Alto, Ca) for thirty 
minutes at 4°C. The serum was separated and stored at -20°C for analysis. All chemicals 
for albumin and creatinine analyses were obtained from Sigma Chemicals (St. Louis, MO) 
and Roche Diagnostics Systems (Roche, Somerville, NJ). Plasma albumin and plasma 
creatinine were analyzed using a COBAS FARA chemistry analyzer (Roche, Somerville, 
NJ). The heart, liver, kidneys, lungs, spleen, and testicles were excised, rinsed with 
distilled water, and weighed. 
Fecal Samples: 
All feces collected every morning throughout the experiment period were weighed, oven-
dried for 48 hours at 100° C and reweighed to determine the fecal dry weight. The fecal 
samples collected during the last 7 days of the experiment for each animal were sealed in a 
sample bag and frozen at -20 ° C for analyses. 
Kjeldahl Analysis and Protein Determination: 
Prior to Kjeldahl analysis, the frozen samples were oven-dried for five hours at 60° C. 
The nitrogen and protein levels of feeds and fecal samples were determined following the 
macro Kjeldahl method (AOAC, 1990) using a KelTec 1030 Auto Analyzer (Tecator, 
Sweden) for digestion and distillation, and each sample was run in duplicate. 
STATISTICAL ANALYSIS 
Data were analyzed using the General Linear Model in the Statistical Analysis System 
(SAS, 1985). When p values were significant (p ::; 0.05), mean differences were identified 
using Duncan's Multiple Range Test (Steel and Torrie, 1980). All data are presented as 
means± standard error of the mean (SEM). 
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RESULTS 
Protein status was evaluated by body weight, organ weight, plasma albumin, and 
plasma creatinine concentrations. The apparent digestibility was determined by fecal dry 
matter protein (N x 6.25). The total wet fecal output, dry fecal matter, and apparent dry 
matter digestibility were also used as parameters to evaluate the growth performance of 
the experimental animals. 
The albumin values are summarized in Table 3. Rats fed Gordons Gift 25% were 
significantly different from rats fed World Feeder 25%, Gordon's Gift 40%, Tifton 40% 
and World Feeder 40% without lysine. The albumin of rats fed 10% substitution level 
were not significantly different from rats fed the two control diets. The creatinine of 
Gordon's Gift 25% was significantly different from the control diet. Other substitutions 
were not different from each other or the 25% Gordon's Gift or the control diet. 
TABLE 3. 
Effect of different levels of Bermuda grass on serum albumin and creatinine in 
growing rats 
Dietary treatment 
Control# 1 casein diet 
Gordon's Gift (10%) 
World Feeder (10%) 
Tifton ( 10%) 
Gordon's Gift (25%) 
World Feeder (25%) 
Tifton (25%) 
Gordon's Gift ( 40%) 
World Feeder (40%)* 
Tifton ( 40%) 
World Feeder no lysine 
Control #2 (12.5%) cellulose 
Albumin (mg/dl) 
4.10 ± o.14•b 
3.87 ± 0.14.•b 
· 3.81 ± o.14•b. 
4.01 ± o.14•b 
4.25 ± 0.14• 
3.74 ± 0.14b 
3.90 ± 0.14.b 
3.71 ± 0.14b 
3.88 ± o.15•b 
3.70 ± 0.14b 
3.62 ± 0.14b 
3.99 ± o.14•b 
Creatinine (mg/di) 
0.75 ± 0.04• 
o.63 ± o.04•b 
0.11 ± o.04•b 
0.12 ± o.04•b 
0.62 ±0.04b 
o.67 ± o.04•b 
0.67 ± 0.04.b 
o.66 ± o.04•b 
o.67 ± o.04•b 
o.65 ± o.04•b 
o.69 ± o.04•b 
0.12 ± o.04•b 
Values in the same column which do not share the same superscripts are significant (p ~ 
0.05) 
* (n=6). One rat died 
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The mean body weights are summarized in Table 4. The mean body weights of 
rats fed 10% Bermuda grass were not significantly different from the controls. The mean 
body weights of rats fed World Feeder 40%, Gordon's Gift 40% and Tifton 40% were 
significantly different from control diet with 5% fiber and control diet with 12.5% 
cellulose (refined fiber). Mean body weigh of rats fed Gordon's Gift 25% and Tifton 25% 
were significantly different from the two control diets. In general, low body weight 
resulted as the substitution level increased for most substitution levels. 
The data for organ weights are summarized in Table 4. Weights of organs were 
expressed as percent of body weight. Weights of heart, liver, spleen, and testicles of rats 
fed all levels of substitutions were not significantly different from the control. 
Nevertheless, on the higher Bermuda diets, the kidneys were .significantly different from 
the control. The kidneys of rats fed World Feeder 40% without lysine, 40% Tifton, and 
40% Gordon's Gift were significantly larger than the control with 5% fiber or the control 
with 12.5% fiber (refined cellulose). As reported by Garcia, et al, (1987), rats fed non 
defatted amaranth flour had damaged kidneys and these researchers attributed the 
damages to oxalate or antiphysiological factor in the amaranth grain. In this study, 
enlarged kidneys may have been caused by some factors in the Bermuda grass, however, 
we do not have any data to support our assumption. The lungs of rats fed Tifton 40% 
were significantly larger than rats fed Tifton 10% diet and Tifton 25% was different from 
Tifton 10%. Other substitution levels were not significantly different from each other or 
from the controls. In general, there was no pattern in response to the higher or lower 
substitutions diets in the lung data. 
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TABLE 4. 
Final weights, and weights of organs of rats fed different levels of Bermuda grass with or 
without lysine supplement ( total body weight). Mean± SEM 
Diets Body Weight (g) Heart Liver Kidney 
% body weight % body weight % body weight 
Control 139.7 ± 6.8· 0.50 ± 0.021 4.14 ± 0.20· 0.88 ± 0.04c 
GG(10%) 134.2 ± 6.8•b 0.49 ± 0.02· 4.29 ± 0.20· 0.99 ± 0.04bc 
WF(10%) 124.8 ± 6.8abc 0.50 ± 0.02· 4.55 ± 0.20· 0.93 ± 0.04bc 
Tifton (10%) 139.4 ± 6.8· 0.48 ± 0.02• 4.26 ± 0.20· 0.94 ± 0.04bc 
GG(25%) 111.4 ± 6.8cd 0.53 ± 0.021 4.43 ± 0.20• 1.03 ± 0.04abc 
WF (25%) 120.0 ± 6.8•bcd 0.49 ± 0.02· 4.41 ± 0.20· 1.05 ± 0.04abc 
Tifton (25%) 117.4 ± 6.8bcd 0.50 ± 0.02• 4.50 ± 0.20· 1.04 ± 0.04abc 
GG(40%) .104.0 ± 6.8cd 0.51 ± 0.02· 4.60 ± 0.20· 1.os ± o.04•b 
WF (40%)* 102.7 ± 7.3d 0.52 ± 0.031 4.54 ± 0.21• 1.03 ± o.05•bc 
Tifton ( 40%) 109.7 ± 6.8cd 0.53 ± 0.02• 4.62 ± 0.20· 1.16 ± 0.041 
WF40%no 100.6 ± 6.8d 0.53 ± 0.02• 4.77 ± 0.20· 1.15 ± 0.041 
lysine 
Control 12.5% 140.6 ± 6.8· 0.46 ± 0.02· 4.44 ± 0.20• 0.90 ± 0.04c 
cellulose 
Values in the same column which do not share superscripts are significant (p ~ 0.05) 
* (n=6). One rat died 
Table 4 Continued 
Diets Spleen Lung Testicle 
% body weight % body weight %body weight 
Control 0.34 ± 0.02· 0.67 ± 0_03•bc 1.59 ± 0.091 
GG(10%) 0.32 ± 0.02• 0.69 ± 0.03abc 1.58 ± 0.09a 
WF (10%) 0.31 ± 0.02· 0.67 ± 0.03•bc 1.50 ± 0.091 
Tifton ( 10%) 0.32 ± 0.02· 0.62 ± 0.03c 1.49 ± 0.091 
GG(25%) 0.32 ± 0.02· 0.71 ± 0.03abc 1.76 ± 0.091 
WF(25%) 0.29 ± 0.02• 0.69 ± 0.03abc 1.59 ± 0.091 
Tifton (25%) 0.33 ± 0.02· 0.77 ± 0.031 1.46 ± 0.09• 
GG(40%) 0.30 ± 0.02• 0.67 ± 0.03abc 1.69 ± 0.091 
WF (40)* 0.31 ± 0.03· 0.67 ± 0.04abc 1.56 ± 0.10• 
Tifton ( 40%) 0.36 ± 0.02• 0. 75 ± 0.031b 1.57 ± 0.091 
WF 40% no lysine 0.30 ± 0.02· o.68 ± o.03•bc 1.78 ± 0.091 
Control 12.5% 0.31 ± 0.02· 0.64 ± 0.031,c 1.51 ± 0.091 
cellulose 
Values in the same column which do not share superscripts are significant (p ~ 0.05) 
* (n=6). One rat died 
TABLE 5. 
Effect of different level of Bermuda grass and lysine supplement on total fecal output, 
fecal protein, and dry matter (Mean ± SEM) 










Tifton ( 40%) 
WF 40% no lysine 
Control 12.5% 
cellulose 
(g) (g) (g) 
308.71± 4.86c 32.29 ± 5.13c 29.71 ± 4.59c 11.89 ± 0.268 
311.71 ± 4.86c 45.00 ± 5.03cd 45.00 ± 4.59d 11.76 ± 0.268 
314.00±4.86c 50.16±5.13d 42.14±4.59cd 11.29±0.268 
314.28 ± 4.86c 46.28 ± 5.13cd 44.71 ± 4.59d 11.45 ± 0.268 
324.14 f 4.86c 98.00 ± 5.13b 87.85 ± 4.59b 10.17 ± 0.26b 
317.29±4.86c 98.00±5.13b 91.00±4.59b 9.22±0.26c 
338.14 ± 4.86d 96.71 ± 5.13b 90.14 ± 4.59b 9.00 ± 0.26c 
381.57±4.86b 148.42±5.138 140.85.±4.591 8.17±0.26d 
366.16 ± 5.25c 150.20 ± 5.548 132.00 ± 4.961 9.09 ± 0.28c 
394.29±4.86b 160.00±5.138 143.71 ±4.591 8.17±0.26d 
397.oo ± 4.861 152.14 ± 5. n• 142.86 ± 4.591 8.57 ± o.26cd 
349.85 ± 4.86d 71.85 ± 5.13c 68.00 ± 4.59c 7.21 ± 0.26c 
Values in the same column with different superscripts are significant (p ~ 0.05) 
* (n=6). One rat died · 

















The data for the feed intake is summarized in Table 5. Rats fed 10% substitution 
levels, Gordon's Gift 25%, and World Feeder 25% were not significantly different from 
the control diet with 5% fiber. The control with 12.5% fiber, however, was significantly 
different from either the control with 5% fiber or the other substitution levels. Feed intake 
of rats fed Gordon's Gift 40%, and Tifton 40% were significantly different from those fed 
World Feeder 40%. Rats fed 40%, Bermuda grass substitution from the three cultivars, in 
general, consumed more feed during the 28 day experimental period. 
The wet fecal output data is summarized in Table 5. The wet fecal output of the 
rats fed 10% Bermuda grass were not significantly different from the control with 5% 
fiber. The wet fecal output of Gorgon's Gift 25%, World Feeder 25% and Tifton 25% 
were significantly different from the controls and the. 40% Gordon's Gift, World Feeder 
and Tifton. The control with 12.5% cellulose (refined fiber) was significantly different 
from the control with 5% fiber. The wet fecal output of rats fed 40% Bermuda grass 
substitution, however, was significantly higher from both controls, the 25% substitutions, 
and 100/o substitutions. The wet fecal output of rats fed World Feeder 10% was 
significantly different from the two controls, the 25%, and the 40% substitution levels. 
The wet fecal output increased as the substitution levels increased for all the cultivars 
The fecal dry matter of rats fed Gordon's Gift 10% and Tifton 10% were 
significantly different from both controls. Fecal dry matter of rats fed 25% of the three 
cultivars were significantly different from the two controls or the 40% substitutions. The 
fecal dry matter increased as the substitution level increased, and there were no cultivar 
differences. 
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The data for the fecal protein is summarized in Table 5. Percent fecal protein (N x 
6.25) ofBermuda grass 10% substitutions was not significantly different from the control 
diet with 5% fiber. Diets with 25%, and 40% substitution had a low percentage fecal 
protein. The total fecal protein excreted, however, is proportional to the fecal dry matter, 
that the higher Bermuda grass levels had high total fecal protein excretions. The highest 
fecal dry matter output and total fecal protein is the highest for 40% World Feeder 
without lysine. The low digestibility of protein of Bermuda grass could probably be 
explained by high dry matter output accompanied by high total fecal protein. Slow weight 
gain of rats fed the 25% and 40% Bermuda grass substitution diets may be attributed to 
the dilution factor. The control diets which contained 5% and 12.5% fiber are similar in 
total fecal protein output. 
DISCUSSION 
The results of this experiment showed that rats fed high Bermuda grass 
substitution levels (25%, 40%) had lower body weight. The Bermuda grass cultivars are 
not poor sources of protein when incorporated into the diets of rats even without 
supplementing with the limiting amino acid, lysine, but the high fiber has interfered with 
the protein utilization and resulted in high fecal dry matter output The fecal dry matter of 
the rats fed 25% and 40% Bermuda grass was high and the total fecal protein was also 
high compared to the control group which indicates that protein was not utilized. Studies 
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by Oliveira, et al (1994), Comu and Delpeuch (1981) showed that higher dry fecal matter 
was associated with high fecal nitrogen and in this study, total fecal protein output was in 
proportion with fecal dry matter output which agreed with their findings. 
The plasma albumin content in the blood is a measure of the assimilation of protein 
in the diet. The albumin of rats fed all levels of Bermuda grass was not different from the 
control. In studies by Straus, et al, (1994), decreased concentration of circulating 
albumin in protein-restricted diets was caused by a decrease in albumin synthesis in the 
liver. This suggests that the rats did not utilize the amino acids; perhaps, they were 
eliminated in the feces before they were utilized by the body. · 
Rats fed on higher Bermuda grass substitutions tended to have large kidneys and 
variably larger lungs. In general, there was no pattern in response to the high or low 
substitution diets in the lung data. Some adverse effects on kidneys, lungs, and liver 
implicated to be a result of the oxalate.have also been observed in rats fed amaranth grain 
which was implicated as a result of the oxalate (Garcia, et al, 1987). Perennial grasses 
have a high level of oxalate which affects the kidney of monogastric animals, and the 
greener or the younger the grass the higher the oxalate level (Libert and Franceshi, 1987). 
In addition, toxins, and mycotoxins in forage grasses and their effects on -monogastric 
animals have been reported by Cheekes (1994) The result of this study suggest that 
Bermuda grass has antinutritive properties causing inhibition of rat growth due to 
interference with metabolism which leads to high dry matter in feces accompanied by low 
retention of nitrogen. There was no clear relationship between nitrogen retention and fecal 
dry matter output in the higher levels of Bermuda grass substitutions. 
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This experiment demonstrated that the I 0% Bermuda grass substitution diet was 
not different from the control diet and adequately support growth. The weight of the 
organs is a reflection of the weight gained, and in this respect a certain tendency can be 
found. Feeding the 25% and 40% Bermuda grass diet, however, resulted in slow growth. 
The mean values of organs of the rats fed the higher Bermuda grass substitutions weighed 
more than those rats fed either I 0% Bermuda grass or the control diets. Exception is that 
rats on 25% and 40% Bermuda grass diet, had large kidneys. Rats fed the 40% 
substitution levels with or without lysine ate more feed showing that rats self-regulated 
energy intake despite the variation in energy density of the diets. Rats on the high level of 
Bermuda grass had also more fecal output and dry matter compared to the control and 
these animals had poor hair growth and hair color change, and appeared malnourished 
indicating poor nutrient utilization. Supplementation with the limiting amino acid did not 
bring. improvement of growth performance of rats. Further research is recommended to 
see if there is negative vitamin or mineral interaction with the higher Bermuda grass 
substitution. 
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CHAPTER VI 
SUMMARY, .CONCLUSIONS, AND .RECOMMENDATIONS 
Summary 
This research evaluated the nutritional adequacy and sensory quality of three 
Bermuda grass cultivars (Gordon's Gift, World Feeder, and Tifton). We conducted two 
feeding experiments and one sensory evaluation to examine the nutritional adequacy of the 
Bermuda grass. The first experiment utilized rats to compare the Protein Efficiency Ratio 
of a Bermuda grass diet at 10% substitution level to a casein control diet. The second 
experiment was designed to study the same.effects examined.in the first experiment but 
using three levels of substitution: 10%, 25% , and 40%. The third experiment was a 
human sensory evaluation of breads made with 5% substitutions of all three cultivars. The 
objectives of these studies were to evaluate the nutritional adequacy of three cultivars of 
Bermuda grass (Gordon's Gift, World Feeder, and Tifton) using weanling rats, and 
evaluate the sensory quality of breads made with 5% Bermuda·grass flour substitution. 
Six hypotheses related to the study were made prior to starting the experiments. Each 
hypothesis will be addressed individually. 
Hypothesis One stated that the Protein Efficiency Ratio of the three Bermuda grass 
cultivars at 10% level of substitution would not significantly differ from the control. -
There were no significant differences in calculated values of protein efficiency ratio of 
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diets at 100/o substitution level and the control diet. Based on these results, the first null 
hypothesis was not rejected. 
Hypothesis Two stated that there will be no differences in the weights of rats fed 
Bermuda grass at 10%, 25%, and 400/o substitution levels and the control. Weights of rats 
fed the different Bermuda grass substitution did differ significantly for the 25 % and 40% 
levels (Chapter V). Based on these results, the second null hypothesis was rejected. 
Hypothesis Three stated that there will be no significant differences in serum 
albumin and serum creatinine in rats fed 10%, 25%, and 40% substitution of Bermuda 
grass and the control diet (Chapter V). At least one difference was observed. Based on 
these results, the third null hypothesis was rejected .. 
Hypothesis Four stated that there will be no significant differences in organ 
weights of rats fed different experimental diets. Organ weights of rats fed different 
experimental diets did differ significantly for kidneys and lungs (Chapter V). Based on 
these results, the fourth null hypothesis was rejected. 
Hypothesis Five stated that there will be no significant differences in dry matter 
digestibility between rat diets at 10%, 25% and 40% Bermuda substitution and the control 
diet. Dry matter digestibility did differ significantly from the control (Chapter V). Based 
on these results, the null hypothesis was rejected. 
Hypothesis Six stated that there will be no significant differences in color, flavor, 
texture, and overall acceptability of breads made with 5% Bermuda grass flour and bread 
made with all purpose flour. Color and overall acceptability did differ significantly from 




The Protein Efficiency Ratio study (Experiment I) showed no differences in weight 
gains or organ weights (liver, kidney, lung and testicle) of rats fed any of the I 0% 
substitution or the control. Heart and spleen of rats fed World Feeder at 10% substitution 
level were significantly different from the control. The PER values of the three Bermuda 
grass cultivars were similar to the control. 
Experiment II showed differences in body weight, kidneys, lungs, albumin, 
creatinine, total fecal output, dry matter digestibility and feed consumption of rats at 
different levels of substitutions. The results of the first experiment and the second 
experiment confirmed that, at the 10% levels of substitution, the body weight of the rats 
did not differ from the control diets. 
At the higher levels of substitutions (25% and 40%) of all the cultivars, the rats 
showed significantly reduced body growth. The rats fed high levels of Bermuda grass had 
greater fecal output and higher total fecal protein excretion, the highest total fecal protein 
was from the 40% World Feeder without lysine. 
The kidneys in the second experiment were significantly different from the control 
- -
diet. In general, for most organs, the smaller animals had larger organs and were not 
significantly different from the control when organs were expressed as a percent of body 
weight. The kidneys of rats fed the 40% were significantly larger than both the control 
and the control with added fiber. The lungs of rats fed 25% Tifton were significantly 
larger than the control with 12.5% fiber. In general, there is no pattern in response to the 
high or low substitution diets in the lung data. 
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The protein digestibility decreased as the substitution level increased. Bermuda 
grass contains about 30 percent fiber. Those diets with less Bermuda fiber differed 
significantly from diets with 25% and 40% substitutions which showed that the increase in 
fiber decreased the digestibility of protein, which increased the total fecal protein output 
The two animal experiments demonstrated that the rats fed 10% Bermuda grass 
substitution diets were comparable to the rats fed the control diet. Rats fed 25% and 
400/o, Bermuda grass, however, had slow growth which resulted in reduced weight. It was 
also observed that those animals with 40% Bermuda grass with or without added lysine 
had poor hair growth and hair color change and appeared malnourished indicating poor 
protein, vitamin, or mineral utilization. 
As shown from the fecal data, the fecal output with the 25% and 40% substitution 
levels with or without added lysine, increased as the substitution level increased. There 
were no cultivar differences for fecal output. Rats fed 40% Bermuda rations, with or 
without lysine consumed more feed during the experimental period. The percent total 
fecal protein excreted increased as the Bermuda grass substitution increased. This finding 
is similar to data reported in the literature, that Bermuda grass fiber reacted similarly to 
different kinds of fiber on fecal nitrogen excretion and total fecal protein: 
Five percent Bermuda grass in breads was the maximum which could be used for 
human consumption without an offensive grassy odor. The Bermuda grass flour 
substitution of 10% resulted in reduced volume, strong grassy odor, and very coarse 
texture for all three cultivars. Bread made with 5% Gordon's Gift was not significantly 




Further studies are needed where Bermuda grass flour is used in various human 
food preparations, such as quick bread, yeast bread, and pasta to improve the nutritional 
quality of the products. The effects of other ingredients such as carrots, spinach, zucchini, 
nuts, fiuits, herbs and other natural flavorings, which may enhance the acceptability of 
products containing the Bermuda grass also need to be evaluated. The development of 
such products would also be of special benefit to people who need to increase their intake 
of dietary fiber. 
We did preliminary studies on pasta and cakes. In today's market, different 
products are sold with different health claims. The color and odor of the Bermuda grass 
could be masked using different types of sauces and spices. The pasta and other noodles 
could be introduced as gourmet foods for the pasta consuming population though the 
application may be limited. Some companies incorporate wood pulp in bread for human 
consumption to reduce energy. Therefore, Bermuda grass as well could be used to reduce 
energy in breads, cakes or muffins. As soy extracts are used in human food as well as 
animal feed, it is also a possibility that Bermuda grass protein extract could be produced to 
. -
be used as protein source for human consumption, and the residue could be used for 
animal feed. Finally, further studies on animals are required before incorporating the 
Bermuda grass into human food to provide a clear view regarding any nutrient interactions 
between the Bermuda grass and other food /nutrient components. 
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surgery or other procedures are appropriate or adequate 
explanation and justification for not providing such care 
is included. 
1/ d. The method of euthanasia employed is in accord;::rnr;e with 
the 1993 Report of the /\VII!\ Panel on Euthanasic1. 
I\ c t ;f"n Taken , 
I/ 
/\pproval is recommended. 
Disapprovr1l is recommended for rec1son stated in the c1ttached 
memorandum. 
/\pproval is contingent upon making changes stipulated in the 
attached memorandum. 
9-zc; ~~ 4 Date C(J.~/f~) {I -.  ignatu r1> 
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AMINO ACID COMPOSIDON OF BERMUDA GRASS 
89 
90 
Amino Acid Comparison (mfg) 
Amino Wheat1 Gorgon's World Tifton2 Midland2 Hardie2 
Acid Gigt2 Feeder2 
ASP 5.4 22.98 22.82 24.12 22.77 24.12 
GLU 34.2 12.86 11.88 14.04 13.64 14.30 
SER 5.0 4.45 3.95 4.74 4.44 4.89 
ms 2.4 1.63 1.75 1.85 2.07 1.71 
GLY 4.5 4.20 3.98 4.58 4.66 4.44 
THR 3.1 4.05 3.72 4.33 4.25 4.72 
ALA 3.8 6.80 6.08 7.08 7.04 7.12 
ARG 5.0 4.93 4.40 5.26 5.34 5.19 
TYR 3.2 2.55 2.31 2.72 2.88 2.63 
VAL 4.7 5.13 4.44 5.55 6.05 5.40 
MET 1.7 1.68 1.50 1.90 1.93 2.01 
PHE 5.0 4.93 4.66 5.36 5.48 5.22 
ILEU 3.8 3.37 2.96 3.64 4.23 3.62 
LEU 7.1 6.62 6.08 7.37 7.80 7.09 
LYS 2.8 3.55 3.45 4.46 4.86 4.17 
PRO 11.0 1.45 2.02 3.03 2.60 3.39 
1 Nutrition Reports International.· 1986, Vol. 35, p 969. 
2 Goat Research Institute, Langston University, Langstone, Oklahoma, 1994. 
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